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THE  PRODUCTION  OP  A  HIGH  GRADE  PORCELAIN 
FROM  AMERICAN  MATERIALS. 

INTRODUCTION. 

Never  before  was  the  need  for  a  high  grade  porcelain 
manufactured  solely  from  American  materials  more  pressing. 
Conditions  at  present  afford  a  very  favorable  opportunity 
for  the  United  States  to  come  forward  rapidly  in  the  one 
branch  of  the  ceramic  industry  in  which  it  has,  admittedly, 
been  inferior  to  Europe.      The  main  difficulty  presents  it- 
self in  the  character  of  American  pottery  clays  that  contain 
as  impurities  numerous  minerals  deleterious  to  the  color  of 
the  burned  body.      The  principal  impurities  in  clay  are  siderite, 
pyrite,  ilmenite,  biotite  mica,  and  ferric  oxide.      The  first 
three  usually  occur  in  granular  form  while  biotite  mica  is 
present  as  flakes  and  ferric  oxide,  usually  hydrated,  as  a 
colloid. 

PURIFICATION  OF  KAOLINS. 

PRESENT  WASHING  PROCESS.        Very  coarse  particles  of  these 
minerals  as  well  as  other  debris  consequent  to  mining  are  re- 
moved by  washing  at  the  mine.      The  clay  is  blunged  up  in  a 
"washer"  from  which  it  passes  into  sand  wheels  where  cast 
iron  scoops  scrape  the  bottom  of  the  containing  tank  removing 
the  coarsest  material. 
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The  clay  next  goes  to  the  sand  trough  where  such  sand 
as  escaped  the  sand  wheel  is  settled  out.      It  then  enters 
the  mica  troughs  where  the  flow  of  the  slip  is  so  regulated 
as  to  allow  as  much  mica  as  possible  to  settle  without  undue 
waste  of  clay.    After  passing  the  mica  troughs,  the  slip  is 
sent  through  a  screen  into  the  concentrating  tank  where  the 
clay  is  settled  out.      The  supernatant  liquid  is  then 
siphoned  off  and  the  thick  slip  is  run  into  an  agitator 
where  it  is  stirred  into  a  homogeneous  mixture  for  the  filter 
pumps.     The  putty-like  cakes  from  the  filter  press  are  dried 
either  in  open  air  or  in  a  heated  dryer  and  are  ready  for 
shipping. 

Although  many  impurities  are  removed  by  this  washing 
the  clay  is  still  far  from  pure  and  the  numerous  black  specks 
often  to  be  found  in  burned  American  Kaolin  as  well  as  the 
cream  color  developed  in  oxidizing  fires  testifies  to  the 
necessity  of  further  purification. 

To  remove  these  remaining  impurities  and  to  make 
from  the  resulting    purified    clays  a  high  grade  porcelain 
was  the  purpose  of  this  investigation. 

GENERAL  PRIN0IPEF1S.     It  is  possible  by  lowering  the  vis- 
cosity of  a  clay-water  suspension  to  bring  about  a  more  or 
less  complete  separation  of  the  slightly  coarser  and  heavier 
grains  from  the  more  finely  dispersed  matter.     Inasmuch  as 
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the  impurities  are  usually  ooarser  than  the  clay  substance 
proper,  such  a  procedure  would  render  the  elimination  of  these 
substances  feasible, 

When  an  alkali  or  a  salt  giving  an  alkaline  reaction 
is  added  to  a  clay  suspension  in  increasing  amounts,  the  clay 
is  first  deflocculated  and  the  viscosity  of  the  system  is 
decreased.      Further  addition  of  reagent  causes  flocculation 
and  the  viscosity  increases.      As  the  amount  of  reagent  is  in- 
creased the  viscosity  grows  and  diminishes  in  successive 
stages,  gradually  approaching  a  constant  value.    When  an  acid 
or  a  salt  giving  an  acid  reaction  is  added  to  a  clay -water 
suspension,  flocculation  occurs  followed,  with  increasing 
concentrations  of  reagent,  by  deflocculation  and  then  refloccu- 
lation  as  in  the  case  of  the  alkaline  salts.      If  the  viscosity 
be  plotted  against  the  concentration  of  the  reagent  a  curve 
analogous  to  that  for  damped  asc illations  is  obtained.* 

Two  theories  have  been  advanced  to  explain  these 
phenomena,  "*he  electro  static  repulsion"  theory  and  the 
"metathetical  reaction"  theory  advanced  by  the  late  Mr. Ashley. 

Ashley's  first  formulation  of  his  theory  was  some- 
what as  follows: 

*Ostwald  -  "Kolloid  Chemie". 
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*"The  Colloids  in  claims  are  non-crystalline  hydrated 
gelatinous  aluminum  silicates,  organic  colloids,  gelatinous 
silicic  acid,  and  hydrated  PeoO^.      Plastic  clays  hold  in  their 
natural  deposits  sufficient  bases,  especially  lime,  to  keep  the 
colloidal  material  in  the  form  of  coagulated  gels.      If  now, 
for  instance,  Na2(J03  be  added  to  a  clay  water  suspension  the 
following  reaction  occurs 

Ca  (with  gel)  +  Na  2CO3+  Ca  CO3    +    Ba  2  (with  sol) 
The  sodium  ion  is  of  a  lower  valence  than  the  Ca  ion  that  orig- 
inally stabilized  the  gel.    As  many  more  times  sodium  ions  than 
Ca  ions  are  required  to  precipitate  the  same  amount  of  gel,  it 
is  evident  that  the  clay  gel  will  be  broken  up  because  of  the 
above  reaction  and  deflocculati on  will  occur.    But  when  enough 
Na  ions  have  been  added  they  may  be  expected  to  precipitate 
the  gel  anew. 

"When  the  added  salt  does  not  form  an  insoluble  product 
v/ith  the  salt  in  the  clay  there  is  probably  partial  replacement. 
Thus  on  addition  of  Nag  SO4  there  was  found  a  falling  off  of 
viscosity  and  sufficient  concentration  of  Na  ion  was  not 
reached  to  reprecipitate  the  gel.      Reinforced  flocculation 
occurs  when  there  are  added  divalent  or  trivalent  ions  of  equal 
or  greater  flocculating  power  than  Ca." 

*?he  Msasurement  of  the  colloidal  Material  in  Clay" 

E.  E.  Ashley. 


-5- 


In  his  next  paper,  Ashley  admits  that  the  electrical 
charges  on  the  clay  particles  may  be  of  some  significance  but 
has  little  doubt  that  the  most  important  factor  is  the  effect 
of  the  flocculating  or  deflocculating  reagent  on  the  solubility 
relations  of  the  system.         He  says,  *  "Effects  due  to  absorp- 
tion will,  in  general,  be  unimportant  compared  with  those 
caused  by  the  exchange  of  bases.      The  reaction  between  clays 
and  the  acid  salts  consists  in  an  interchange  of  bases  between 
the  clay  silicates  and  the  salt  resulting  in  the  formation  of 
a  slightly  different  (insoluble)  silicate  and  a  soluble  salt. 
With  alkaline  solutions  the  final  result  is  somewhat  different, 
giving  the  following  two  react  ions: - 

(1)  The  free  alkali  may  react  with  free  (colloidal) 
silica  thus  forming  a  substitution  product. 

(Z)  The  metal  displaced  from  the  silicate  combines 
with  the  acid  in  solution  to  form  a  slightly  soluble  salt 
which  is  precipitated  from  solution. 

"Some  of  the  reactions  exhibited  by  clays  may  be 
exemplified  as  follows :- 

(a)  Excess  of  X  0  H  or  K  GL  added  to  the  K  Sol 
(formed  by  action  of  water  on  a  clay  containing  combined  potash) 
reduces  the  solubility  of  the  latter,  giving  rise  to  a  gel.  In 
this  case,  therefore,  a  salting  out  effect  produces  coagulation. 

*The  Technical  Control  of  the  Colloid  letter 
of  Clays"    E.  3.  Ashley. 
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(b)  Addition  of  H  CI  or  Ga  (S04)  to  alkali  sol  pro- 
duces by  exchange  of  bases  the  H  or  Ca  compound  either  of  which 
being  less  soluble  thnn  the  original  sol,  appears  as  a  gel. 
Here  we  have  coagulation  produced  by  exchange  of  bases. 

(c)  On  the  contrary,  if  Na  (0  H)  or  Na2  C2  04  be 
added  to  H  or  Ca  gels  the  sodium  sol  is  regenerated;  in  other 
words  the  addition  of  such  substances  produces  deflocculation. 

"The  mechanism  of  the  action  of  alkalies  upon  clays 
is  as  follows: 

The  alkali  reacts  to  forni  an  alkali  silicate  or 
alumino  silicate  which  is  hydrolyzed  to  some  extent  so  that 
part  of  it  is  present  as  a  sol.    Further  addition  of  alkali 
increases  the  amount  of  sodium  in  solution  and  therefore  in  the 
sol  state  up  to  a  certain  point  at  which  an  increase  of  the 
alkali  concentration  begins  to  set  back  the  hydrolysis  and 
to  cause  a  diminution  in  the  amount  of  sol.     This  process  goes 
on  progressively  until  at  a  certain  concentration  most  of  the 
clay  is  again  coagulated. 

"The  mode  of  action  is  somewhat  different  with 
hydrolyzable  salts  that  give  an  alkaline  reaction,  the  reaction 
taking  place  being  as  follows:- 

Na  G03  +    Ca  (gel)  gives  Ga  C03    +    Na  Sol. 
That  is,  we  remove  the  bases  that  conserve  coagulation  (that 
is,  form  less  soluble  gels)  by  a  double  decomposition,  and 
form  the  more  soluble  salt,  thus  promoting  deflocculation. 
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Addition  of  larger  amounts  of  the  salt  may  produce  a  recoagula- 
tion  due  to  the  salting  out  action  already  explained."  * 

The  following  is  a  brief  summary  of  the  "electrostatic 
repulsion"  theory  as  given  by  Prof.  A.  V.  Bleininger:  ** 

"The  liquefying  action  of  alkaline  salts,  sodium 

carbonate  and  sodium  silicate  (Hag  CO3  and  Nag  SiOg  )  upon 
clay  is  due  to  the  action  of  the  0  H  ions  present  in  solution. 

Both  Nag  CO3  and  Nag  are  strongly  hydrolized,  containing 

an  excess  of  hydroxy!  ions ,  according  to  the  state  of  the 
equilibrium,  the  temperature,  and  the  extent  to  which  the  Na+ 
ions  are  absorbed.     Sodium  carbonate  in  solution  is  completely 
conized  into  2  Na  and  CO3"  ions,  and  these  react  with  the  OHf 
and  the  H  of  water  to  form  sodium  hydroxide  and  carbonic  acid, 
respectively  -  Similar  hydrolysis  occurs  with  the  sodium  silicate, 
The  negatively  charged  0  H'  ions  repel  the  similarly  charged 
clay  particles  electrosfatically.      Hepulsion  may  take  place 
only  when  the  electrical  charges  of  the  particles  are  approximate- 
ly equal.     This  increases  the  state  of  dispersion  of  the  system, 
breaking  up  the  larger  particles  into'  smaller  ones.     Hence  the 
water  penetrates  more  deeply  into  the  clay  structure  and  causes 
the  clay  to  liquefy.      The  maximum  amount  of  deflocculation 
is  brought  about  by  a  definite  concentration  of  0  H*  ions,  and 

*The  technical  control  of  the  Colloid  Material 
in  Clays.      B.  B«  Ashley. 

**  Technologic  Paper  No.  51. 
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if  exceeded,  stiffening  will  again  take  place,  during  which 
period  alkalinity  decreases.      This  stage  may  again  be  followed 
"by  a  second  liquefaction,  due  to  absorption  of  the  salts 
Organic  colloids  appear  to  act  somewhat  similarly  to  the  sodium 
salts  in  bringing  about  increased  dispersion;  but  at  the  same 
time  the  latter  seem  to  protect  the  particles  against  floccu- 
lating cations,  so  that  the  suspension  is  less  sensitive  to 
the  action  of  coagulating  salts.     The  alkaline,  fluid,  easting 
slip  without  the  presence  of  sufficient  amounts  of  organic 
colloids  is  at  once  changed  to  the  stiffened  condition  by  the 
introduction  of  salts  like  tjie  sulphates  or  chlorides  of 
calcium,  magnesium,  or  aluminum.    The  presence  of  such  salts 
in  the  clays,  therefore,  requires  not  only  an  increased  amount 
of  alkali  to  bring  about  deflocculation  but  may  even  render 
the  maximum  liquefaction  impossible." 

So  complex  are  the  changes  that  take  place  within 
a  clay-water  suspension  that  they  can  hardly  be  ascribed  to 
one  cause.      Indeed  neither  of  the  above  theories  entirely 
explains  the  behavior  of  cla^,  and  although  we  know  by  ex- 
peiiment  what  we  may  expect  under  certain  conditions,  we 
know  comparit ively  little  of  the  actual  changes  taking  place 
within  the  system. 

THE  APPLICATION  OF  GENERAL  PRINCIPLES.     The  process  of  - 
purification  employed  is  a  practical  application  of  the 
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general  principles  stated  in  the  preceding  pages.  Kaximum 
dispersion  is  obtained  by  use  of  a  very  dilute  solution  of 
sodium  silicate  and  sodium  carbonate.     The  finer  impurities  - 
fine  grains  of  biotite  mica,  etc.  -  now  settle.    After  a 
sufficient  period  the  slip  is  siphoned  off  and  coagulated  for 
the  purpose  of  filter  pressing  because  the  alkaline  condition 
with  the  accompanying  degree  of  dispersion  into  exceedingly 
fine  particles,  would  tend  to  clog  the  filter  cloth,  while 
some  of  the  clay  would  pass  through  the  cloth  and  be  carried 
away  in  the  turbid  press  water.    The  coagulating  reagent, 
Alg  fSO^jg  causes  the  clay  to  settle  out  in  a  curdled  mass  so 
that  it  is  easily  filter  pressed. 

PS TAIL 3  0?  PURIFICATION.     In  the  present  study  it  was 
first  necessary  to  determine  the  proper  amount  of  de flocculating 
salts  to  be  used  with  the  various  clays  in  this  process  of 
purification.      tfor  each  clay  a  series  of  fifteen  tubes  each 
containing  five  grains  of  clay  in  100  grains  of  solution  with 
concentrations  of  sodium.      Salts  varying  from  zero  to  two  and 
one-half  percent  were  made  up  with  ordinary  top  water.  Inas- 
much as  viscosity  varies  with  the  degree  of  dispersion,  the 
proper  concentration  was  obtained  in  that  tube  showing  the 
maximum  amount  of  suspended  matter  and  t  he  minimum  amount  of 
sediment.      The  amount  of  dispersion  increased  progressively 
to  a  maximum  and  then  decreased  again.      The  concentration 
denoted  by  the  maximum  point  was,  however,  in  every  case 
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greater  than  that  obtained  by  other  investigators.*  This 
was  confirmed  by  viscosity  determinations  with  the  efflux 
viscosimeter .      An  investigation  of  the  cause  showed  that 
it  was  due  to  the  presence  of  dissolved  salts  in  the  water 
which  contained  a  considerable  amount  of  sulphates.  The 
results  were  therefore  discarded  and  the  work  repeated  using 
condensation  water  from  the  boiler  at  the  power  plant  of  the 
university,  that  corresponded  more  closely  in  composition 
to  water  generally  obtained  at  commercial  plants. 

A  convenient  consistency,  approximating  that  of 
slips  used  in  practice,  was  chosen  and  viscosity  tests  made 
to  determine  the  amount  of  water  to  be  added  to  each  clay 
to  give  this  fluidity.     Ten  pounds  of  the  clay  under  inves- 
tigation was  blunged  up  in  a  small  pebble  mill  with  half  the 
amount  of  water  necessary  to  give  the  chosen  consistency. 
Fifty  cubic  centimeters  of  this  slip  was  poured  into  each 
of  twelve  100  cc.  graduated  tubes  and  the  volume  made  up 
to  100  cc  with  water  containing  different  amounts  of  de floccu- 
lating reagent  (equal  parts  of  Nag  GO3  and  Nag  SiOg  )  ranging 
from  zero  to  one  percent.      The  tubes  were  then  well  shaken 
and  allowed  to  stand  for  twenty  hours.      The  amount  of  reagent 
causing  maximum  suspension  and  minimum  sedimentation  for 
each  clay  was  used  in  the  purification.     These  amounts 
*Bleininger,  Tech.  Paper  #51. 
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were  as  follows: 


Olay 


Percent  j 


)  0,5  Uag  SiO^ 
)  0.5  Na2  CO  3 


North  Carolina 
Georgia 
Florida 
Tennessee 


Kaolin 
Kaolin 
Kaolin 


Ball  Clay 


0.38 
0.80 
0.32 
0.25 


One  hundred  and  twenty  pounds  of  each  clay  was  blunged 


with  the  amount  of  water  necessary  to  give  standard  consist- 
ency and  the  determined  amount  of  sodium  salts  was  added, 
a  fall  graduate  was  filled  with  each  slip  and  readings  of 
the  amount  of  sediment  deposited  v/ere  taken  every  five 
minutes.      At  the  end  of  about  an  hour  in  each  case  the 
rate  of  sedimentation  became  so  small  as  to  warrant  the  sup- 
position that  most  of  the  coarsest  particles  had  settled  out. 
Accordingly  each  def locculated  slip  was  allowed  to  stand  for 
§n  hour  when  the  supernatant  suspension  was  siphoned  off 
leaving  behind  an  appreciable  amount  of  coarse,  ditty  sediment. 


sith  solutions  of  HCL  of  different  concentrations  for 
several  hours,  filtered  and  the  filtrate  analyzed  for  iron, 
the  purpose  being  to  obtain  the  lowest  concentration  that 
would  give  practically  maximum  removal  of  iron.    However,  in 
no  case  was  the  slightest  trace  of  iron  found.      Hence  it 
would  not  be  practical  to  attempt  the  removal  of  iron  from' 
ball  clay  by  HCL, 


Samples  of  Tennessee  Ball  Clay  No.  3  were  treated 
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The  clay  particles  in    the  purified  slips  were  in 
too  great  a  state  of  dispersion  to  allow  filter  pressing. 
It  was  necessary    to  coagulate  the  suspension  by  means  of  a 
flocculator.      This  also  allowed  the  removal  of  a  large 
amount  of  water  before  pressing.    The  flocculator  chosen 
was  Alg  (SC>4)3  which  according  to  Hall  and  Monson  *  gives 
greatest  flocculation  and  hence  is  required  in  smaller  quan- 
tity. 

Series  of  settling  tubes  containing  100  cc.  of  slip 
and  varying  amounts  of  Al.,  (S04)3  were  made  up  and  that  con- 
certration  of  Alg  (304)  3  giving  the  greatest  flocculation 
determined,  as  shown  by  the  coagulation  of  the  clay.  These 
amounts  were  calculated  to  grains  of  reagent  per  pound  of 
clay  slip  and  added  to  the  purified  materiel.    North  Carolina 
Kaolin  and  Georgia  Kaolin  settled  out  within  twenty- four  hours 
but  several  days  were  required  for  a  satisfactory  coagulation 
of  the  Tennessee  Ball  Clay  and  the  Florida  Kaolin.  Enough 
of  the  clear  supernatant  liquid  was  siphoned  to  leave  a  slip 
of  good  consistency  for  blending  of  the  bodies,  which  was 
the  next  step. 

"J.  Agr.  Sc.  No.  2) 


/ 
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BIBJTDING  OP  POROBLAIH  BODIES . 

FIELDS  INVESTIGATED.     To  determine  the  best  possible 
porcelain  "bodies  obtainable  from  the  clays  purified,  with 
color  and  translucency  as  criterions  the  following  fields 
were  made  up: 


Clay  substance 

(Kaolin) 

A 

35.0$ 

B 

40.0$ 

C 

45.0% 

Tennessee  Ball 

Clay  (Bond ) 

10.0 

10.0 

10.0 

Feldspar 

24.0 

24.0 

24.0 

Whiting 

0.5 

0.5 

0.5 

Flint 

30.5 

25.5 

20.5 

In  order  to  study  the  behavior  of  the  various  combina- 
tions of  the  three  kaolins  that  had  been  purified,  twenty 
different  mixtures  of  clay  substance  were  used  in  each  of 
the  three  groups.  A,  B  aM  C;  sixty  different  bodies  in 
all  being  investigated.      The  proportions  of  the  three 
kaolins  used  nay  be  obtained  from  the  following  table: 
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i\  UU1  U  tJ  £      KJ  X 

TI .  0  .  Kaolin 

Pftrcerrt  of 

X  U  X  w  V*  AAV 

Fla. Kaolin 

l.li.  Jv  l/UIC 

(in.  Kaolin 

T 

X 

100 

o 

o 

0 

80 

10 

10 

a 

70 

o 

30 

A 

70 

30 

0 

5 

60 

10 

30 

A 

60 

30 

10 

7 

50 

0 

50 

8 

50 

50 
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D3TAIL5  0?  BL3NDIITG.        The  clay  mixtures  were  blended 
from  the  slips  by  volume;  the  flint,  spar,  and  whiting 
weighed  out  and  added;  and  the  body  filter  pressed. 
In  the  process  of  blending  each  clay  was  put  through  a 
100  mesh  sieve  and  the  body  through  a  screen  of  like  fine- 
ness before  filter  pressing.      Much  difficulty  was  ex- 
perienced in  filter  pressing  due  to  the  clogging  of  the 
filter  cloths  by  the  ball  clay  and  the  poor  condition 
of  the  machine.      The  Efficient  presses  used  in  practice 
would  easily  overcome  this  difficulty.      The  different 
bodies  were  then  wedged  upon  plaster  to  uniform  consistency 
as  determined  by  feel. 
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Four  briquets  and  two  discs  were  made  from  each 
body,  the  former  for  obtaining  drying  shrinkage,  burning 
shrinkage,  absorption,  and  color;  the  latter  for  trans- 
lucency.      Shrinkage  marks  seven  centimeters  apart  were 
made  on  each  briquet  and  the  drying  shrinkage  obtained 
after  drying  in  air  at  room  temperature  for  twenty-four 
hours  and  in  a  steam  closet  at  110°C  for  ten  hours.  One 
side  of  each  briquet  was  sandpapered  to  give  a  surface 
suitable  for  comparison  of  color. 

BURNING  OP  BODIES. 

The  test  pieces  were  buried  in  sand  in  carefully 
luted  saggers  and  burned  to  cones  10  and  12.      The  method 
of  burning  was  similar  to  that  used  in  burning  porcelain 
in  Berlin  as  follows: 

?.rater  smoking  and  dehydration  up  to  cone  010  were 
carried  on  under  oxidizing  conditions  to  oxidize  any  carbon 
that  might  have  been  contained  within  the  body,  the  tempera- 
ture being  raised  at  about  75°C  per  hour.      Prom  cone  016 
to  about  cone  1  intense  reducing  conditions  were  maintained 
to  deconipose  any  sulphates  that  might  either  have  been  present 
in  the  body  or  resulted  from  the  oxidation  of  the  sulphur 
in  the  coal  and  the  subsequent  reaction  between  the  SOg  and- 
the  bases  in  the  ware.      ^rom  cone  1  to  cone  3  intensely 
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oxidizing  conditions  were  maintained  in  order  to  remove  any 
carbon  deposited  during  reduction.      xhe  burn  was  finished  with 
neutral  fires,  that  is  an  excess  of  neither  CO  nor  COg  so 
that  vitrification  would  neither  Include  within  the  ware 
deposited  carbon  resulting  in  a  dirty  gray  color,  nor  a 
cream  color  due  to  the  oxidation  of  the  ferrous  iron. 
The  green  color  of  Pe  Si  Og  is  far  less  noticeable  than 
that  caused  by  the  red  FegOg.     The  greatest  attention  was 
necessary  at  incipient  vitrification  (about  cone  4-7). 
The  burn  lasted  28  hrs. 

TSSTIIICr  0?  BODIES. 

Drying  shrinkage,  burning  shrinkage,  absorption, 
color,  and  translucency  were  determined  on  all  the  samples. 
The  first  three  were  obtained  in  the  usual  manner.  Relative 
whiteness  was  determined  by  compari ng  the  pieces  in  sets  of 
five.    Translucency  was  measured  by  means  of  a  turbidimeter, 
Figure  1.  Through  a  small  telescope  on  the  turbidimeter 

there  can  be  seen  two  concentric  circles  of  light  reflected 
by  a  system  of  mirrors  from  two  openings  at  the  lower  part 
of  the  instrument.      The  light  on  reaching  these  openings 
passes  through  two  graduated  tubes.    The  disc  of  porcelain 
to  be  tested  was  placed  over  one  opening  and  milk  was  run 
into  the  other  tube  until  the  two  circles  of  light  merged 
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into  each  other  and  became  one.      This  meant  that  the  amounts 
of  light  passing  through  the  porcelain  and  through  the  milk 
were  the  same.      The  relative  translucency  of  the  porcelain 
piece  is  inversely  proportional  to  the  height  of  the  milk 
column  given  on  the  curves. 

In  all  fields  the  five  whitest  bodies  in  order  of 
their  whiteness  were  11,  19,  14,  16,  18.  As  body  number  eleven 
is  also  among  the  most  translucent  bodies  and  has  the  least 
drying  and  burning  shrinkage  and  least  absorption  of  any  of 
the  above  mentioned  bodies  it  was  chosen  for  further  inves- 
tigation. 

A  large  sample  of  body  number  eleven  in  each  field 
was  made  up  and  tested  for  its  casting  properties.  The 
bodies  all  cast  well  although  they  dried  very  slowly  in  the 
plaster.      In  the  leather  hard  condition  they  were  exceedingly 
tough  and  could  be  handled  without  any  fear  of  cracking. 
All  three  burned  white  to  an  excellent  color  with  good  sur- 
face and  translucency. 

Twenty  small  butter  plates  were  jiggered  from  each 
body.     The  bodies  were  all  exceedingly  plastic  and  jiggered 
easily.      Very  thin  pieces  can  be  made  with  these  bodies. 
On  the  whole  the  body  from  field  A  was  superior  in  all  pro- 
perties to  those  from  fields    B  and  C. 
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RESULTS. 
FIELD  A. 


No.  of  Shrinkage  (Terms  of  dry  length)  Absorption  Translucency 
"body         Drying  Burning 


Cone 

C  one 

Cone 

Cone 

Gone  10 

Cone  12 

10 

12 

10 

12 

1 

2.42 

5.84 

7.74 

5.30 

1.62 

3.28 

2.42 

2 

2.60 

5.93 

7.70 

5.30 

1.60 

3.28 

2.45 

3 

3.02 

6.05 

7.  78 

5.08 

1.60 

3.20 

2.40 

4 

2.50 

5.89 

7.59 

5.60 

1.58 

3.20 

2.45 

5 

3.02 

6.05 

7.76 

5.20 

1.43 

3.10 

2.40 

6 

2.  60 

5.95 

7.60 

5.52 

1.51 

3.18 

2.45 

7 

3.61 

6.16 

7.84 

5.00 

1.17 

3.00 

2.30 

8 

2.50 

5.86 

7.56 

5.71 

1.59 

3.18 

2.40 

9 

3.02 

6.05 

7.70 

5.28 

1.36 

2.90 

2.33 

10 

4.00 

6.23 

8.00 

4.82 

1.08 

2.78 

2.20 

11 

3.16 

6.11 

7.80 

5.16 

1.17 

£.70 

2.20 

12 

3.02 

6.02 

7.66 

5.30 

1.31 

2.75 

2.28 

13 

2.48 

5.80 

7.48 

5.78 

1.51 

3.08 

2.40 

14 

3.78 

6.20 

7.98 

5.03 

1.08 

2.70 

2.20 

15 

3.02 

5.97 

7.59 

5.38 

1.36 

3.05 

2.30 

16 

3.78 

6.20 

8.00 

5.03 

1.08 

2.68 

2.20 

17 

3.21 

6.01 

7.68 

5.30 

1.34 

3.00 

2.30 

18 

4.75 

6.32 

8.03 

4.62 

0.94 

2.68 

2.20 

19 

3.61 

6.10 

7.82 

5.24 

1.28 

2.85 

2.30 

20 

2.50 

5.80 

7,34 

5.89 

1.56 

3.00 

2.35 
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PISLD  B. 


No.      Shrinkage    (Dry  length) 
Drying  Burning  . 

Gone  10  Gone  12 


1 

2.70 

7.03 

7.90 

z 

2.87 

7.03 

7.83 

3 

3.49 

7.03 

7.  90 

4 

2.82 

7.03 

7.71 

5 

3.22 

7.11 

7.86 

6 

3.00 

7.09 

7.69 

7 

3.78 

7.08 

7.90 

8 

2.68 

7.00 

7.63 

9 

3.39 

7.08 

7.79 

10 

4.65 

7.16 

7.96 

11 

3.50 

7.11 

7.81 

12 

3.41 

7.06 

7.70 

13 

2.82 

7.08 

7.54 

14 

4.40 

7.16 

7.89 

15 

3.25 

7.09 

7.58 

16 

4.45 

7.16 

7.89 

17 

3.41 

7.11 

7.62 

18 

5.10 

7.30 

8.04 

19 

3.87 

7.18 

7.76 

20 

2.79 

7.01 

7.46 

Ah sorption  Jransluoency 


Gone  10  Gone  12-Gone  10  Gone  12 


5.50 

3.08 

3.40 

2.45 

5.45 

3.02 

3.40 

2.45 

5.29 

2.99 

3.28 

2.43 

5.61 

3.10 

3.35 

2.45 

5.23 

2.95 

3.25 

2.43 

5.60 

3.08 

3.30 

2.38 

5.09 

2.88 

3.20 

2.45 

5.70 

3.21 

3.30 

2.43 

5.40 

2.96 

3.20 

2.43 

4.98 

2.63 

3.10 

2.30 

5.08 

2.77 

3.10 

2.28 

5.55 

2.96 

3.15 

2.40 

5.80 

3.17 

3.28 

2.48 

4.94 

2.63 

3.10 

2.28 

5.80 

2.97 

3.25 

2.40 

4.94 

2.63 

3.15 

2.35 

5.74 

2.96 

3.20 

2.35 

4.82 

2.42 

3.08 

2.30 

5.52 

2.90 

3.15 

2.40 

6.02 

3.16 

3.20 

2.40 
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RESULTS 
FIELD  C. 


No.      Shrinkage  (Dry  length)        Absorption  Tranelucency. 
Drying  Burning 


Gone  10 

Cone  12 

-Gone  10 

Gone  12- 

Gone  10 

Gone  1 

1 

2.92 

7.00 

8.01 

5.61 

3.20 

3.45 

2.55 

2 

3.16 

7.00 

8.01 

F  .  AfS 

3.15 

3.40 

2.58 

3 

3.65 

7.14 

8.05 

5.  50 

3.10 

3.40 

2.60 

4 

2.92 

7.00 

7.90 

5.85 

3.20 

3.40 

2.55 

5 

3.65 

7.14 

8.01 

5.51 

3.13 

3.35 

2.60 

6 

3. 16 

7.09 

7.95 

5.85 

3.20 

3.40 

2.55 

7 

4.04 

7.18 

8.07 

5.40 

2.88 

3.30 

2.50 

8 

2.98 

7.09 

7.80 

6.03 

3.20 

3.40 

2.50 

9 

3.41 

7.15 

7.98 

5.60 

3.03 

3.30 

2.45 

10 

4.76 

7.26 

8.14 

5.21 

2.65 

3.25 

2.45 

11 

3.90 

7.15 

8.00 

5.40 

2.75 

3.20 

2.40 

12 

3.41 

7.15 

7.96 

5.82 

2.96 

3.28 

2.45 

13 

2.92 

7.08 

7.70 

6.03 

3.20 

3.35 

2.58 

14 

4.50 

7.26 

8.05 

5.20 

2.48 

3.20 

2.45 

15 

3.23 

7.13 

7.81 

5.95 

3.00 

3.30 

2.55 

16 

4.50 

7.26 

7.98 

5.08 

2.48 

3.20 

2.50 

17 

3.41 

7.15 

7.81 

5.82 

2.96 

3.28 

2.50 

18 

5.46 

7.34 

8.21 

5.02 

2.42 

3.20 

2.45 

19 

4.04 

7.21 

7.85 

5.56 

2.85 

3.28 

2.55 

20 

3.08 

7.09 

7.53 

6.11 

3.20 

3.30 

2.55 

(3  a 
C  CD  a. 
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cojjclusioits. 


1.  3y  means  of  the  mechanical  separation  of  impurities 
through  the  use  of  sodium  salts  clays  are  improved  in  whiteness 
and  in  plasticity.     The  burning  shrinkage,  however,  is  slightly 
increased.    Ware  made  from  these  purified  clays  shows  improved 
translucency . 

2.  The  bodies  were  all  exceedingly  plastic  and  there  is 
no  doubt  that  the  amount  of  ball  clay  could  be  greatly  reduced 
with  a  corresponding  improvement  in  color.    Moreover,  this 
would  reduce  the  trouble  in  filter-pressing  caused  by  the  fine 
grained  clay,  and  would  also  lessen  the  time  of  drying  of  the 
cast  body  in  the  plaster  mold. 

3.  ITone  of  the  bodies  showed  zero  absorption  at  either 
cones  10  or  12  and  it  is  evident  that  a  higher  temperature  is 
necessary  to  obtain  really  vitrified  ware  with  the  given  pro- 
portions of  flint  and  feldspar.    Burning  to  a  higher  tempera- 
ture would,  of  course,  improve  the  translucency  of  the  body. 
In  order  to  obtain  vitrified  ware  at  cone  12  it  would  be  nec- 
essary to  increase  the  feldspar  content.     This  might  be  done 
at  the  expense  of  the  ball  clay. 
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4.     Of  all  the  bodies  studied,  Ho.  11A  seems  to  show 
the  best  properties.     Its  composition  is:- 

Substance  Percent. 

Florida  Kaolin  14,0 

Georgia  Kaolin  10. 5 

North  Carolina  Kaolin  10 .5 

Tennessee  Ball  clay  10. 0 

Jfljjpar  24t0 

whiting  0  c 

'lint6  3°;^ 

The  properties  of  this  body  are:- 

Shrinkage  Absorption  Color  Transluoencv 

3>jyi*g    Burning  Cone  12  Best  of  Very  * 

3'lc         7-80  1?W  bodies  llll. 


3UMEARY, 

The  purification  of  American  clays  by  means  of  sodium 
suits  offers  a  process  that  may  be  successfully  installed  at 
the  washing  plant.     The  upkeep  of  such  an  installation  would  be 
trifling, (from  7  to  8  cents  per  ton  of  clay  purified)  and  the 
resulting  purified  clay  would  make  possible  the  production  of 
a  porcelain  far  superior  to  that  now  made  by  American  manufac- 
turers , 

The  writers  wish  to  express  their  inaehteSness  for  assis- 
tance and  suggestions  in  this  work  to  Prof.  A.  T.  31eininser 
and  Prof.  P..  K.  Hursh. 
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